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 • MUSCULOSKELETAL IMAGING
Posterolateral corner (PLC) injuries of the knee most of-ten result from high-energy trauma and are commonly 
associated with cruciate ligament tears (1–4). Clinical ex-
amination is the reference standard for the detection of 
posterolateral instability (1,5–10) but may be difficult in 
the setting of acute trauma because of the patient’s knee 
pain, joint effusion, and diffuse tissue swelling (3). How-
ever, early diagnosis and treatment of PLC injury is crucial 
because untreated posterolateral instability is associated 
with poor clinical outcome, increases the risk for ante-
rior cruciate ligament (ACL) graft failure, and may lead 
to chronic instability (1,5,8,11,12). Therefore, it would be 
desirable to predict posterolateral instability as early as pos-
sible not only by clinical testing but also by imaging.
MRI studies (13,14) reveal that injuries of PLC struc-
tures occur more frequently than expected by clinical 
examination and radiographs, and may manifest in up 
to 20% of patients with an ACL tear. It remains unclear 
which MRI findings indicate posterolateral instability in 
patients with acute ACL tear, and which do not. Further-
more, not all PLC structures are consistently viewed on 
MR images (3,10).
The aims of our study were to determine the diagnos-
tic performance of various MRI findings for helping to 
predict posterolateral instability in patients with acute 
complete ACL tears and to identify the most significant 
MRI predictors of posterolateral instability by perform-
ing a decision tree analysis. Our hypothesis was that we 
could correctly predict posterolateral instability in a high 
number of patients on the basis of decision tree analysis 
of MRI findings.
Materials and Methods
Study Population
Our retrospective cohort study was approved by the lo-
cal ethics committee (Cantonal Ethics Committee, Zu-
rich, Switzerland), and informed consent was waived 
by the institutional review board. Our clinical database 
(Kisim version 4.964; Cistec, Zurich, Switzerland) was 
searched for a consecutive series of patients who un-
derwent ACL reconstruction with or without concomi-
tant PLC reconstruction (modified Larson procedure 
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Purpose: To determine the diagnostic performance of MRI for helping to predict posterolateral knee instability in patients with 
acute anterior cruciate ligament (ACL) tear.
Materials and Methods: This retrospective cohort study was performed in a consecutive series of 162 patients (mean age, 32.8 years 6  
10.0 [standard deviation]; 95 men [mean age, 31.0 years 6 9.6] and 67 women [mean age, 35.4 years 6 10.0]) who underwent 
ACL reconstruction with (n = 19) or without (n = 143) concomitant posterolateral corner (PLC) reconstruction between June 2014 
and February 2017. MR images were evaluated by two radiologists. Diagnostic performance of imaging findings was calculated. 
Clinical evidence of posterolateral instability requiring PLC reconstruction served as reference standard. The most significant pre-
dictors of posterolateral instability were determined with decision tree analysis.
Results: In patients with and without PLC reconstruction, respectively, the lateral collateral ligament was completely torn in 10 
of 19 (52.6%) and seven of 143 (4.9%) patients; the posterior cruciate ligament in two of 19 (10.5%) and five of 143 (3.5%) 
patients; the popliteus tendon in three of 19 (15.8%) and none of 143 (0%) patients; and the biceps femoris tendon in four of 
19 (21.1%) and none of 143 (0%) patients (data for reader 1). The smaller structures of the PLC were not constantly viewable. 
Complete tear or avulsion of the lateral collateral ligament was more frequent in patients who needed PLC reconstruction (P , 
.001), and decision tree analysis revealed that this finding was the most statistically significant predictor of posterolateral instability. 
Instability was correctly predicted in 147 of 162 patients (90.7%) by reader 1 and 151 of 162 patients (93.2%) by reader 2.
Conclusion: Complete tear or avulsion of the lateral collateral ligament was the most significant predictor at MRI of posterolateral 
instability. Assessment of the smaller posterolateral corner structures did not improve diagnostic performance.
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Abbreviations
ACL = anterior cruciate ligament, PLC = posterolateral corner
Summary
Complete tear or fibular avulsion of the lateral collateral ligament was 
the most significant predictor at MRI of posterolateral instability in pa-
tients with acute anterior cruciate ligament tears.
Implications for Patient Care
 n Complete tear or fibular avulsion of the lateral collateral ligament 
was the most significant predictor at MRI of posterolateral insta-
bility in patients with acute anterior cruciate ligament tear.
 n The assessment of smaller posterolateral corner structures (pop-
liteofibular ligament, fabellofibular ligament, and popliteomeniscal 
fascicles) did not improve diagnostic performance of current MRI 
to help predict posterolateral instability.
[15,16]) at our institution between June 2014 and Febru-
ary 2017. Inclusion criteria were as follows: age, 18 years or 
older; available MRI study of the knee performed within 
10 days after trauma; no documented history of previous ipsi-
lateral knee trauma or surgery; and no documented subsequent 
new trauma of the knee between MRI and knee reconstruc-
tion surgery. Exclusion criteria were incomplete MRI dataset 
(sequences not available in all three standard planes) or insuf-
ficient image quality.
Clinical Assessment
The decision to reconstruct the PLC was on the basis of pre-
operative clinical assessment with the so-called dial test (per-
formed by S.F.F., with 15 years of dedicated experience in knee 
surgery). The dial test is, to our knowledge, the most widely 
used clinical test for posterolateral rotational instability (5,8,9) 
and is included in the standard clinical examination of the knee 
at our institution. It is performed as follows: at 30° of knee flex-
ion, increased external tibial rotation of 10° compared with the 
contralateral side indicates PLC injury. This test was performed 
during the preoperative exploration in all patients while they 
underwent anesthesia.
MRI
All patients who underwent imaging at our institution had un-
dergone MRI at 3.0 T (Magnetom Skyra Fit; Siemens Health-
care, Erlangen, Germany) or 1.5 T (Magnetom Avanto Fit; 
Siemens Healthcare). In patients who had undergone MRI 
at other institutions, the external MRI datasets were used for 
the analysis (Table 1). The images were acquired at 1.5 or 3.0 T, 
and imaging protocols included at least four sequences at three 
standard imaging planes (axial, coronal, and sagittal) with at 
least one T1-weighted and one fluid-sensitive sequence (pro-
ton-density weighted or T2 weighted with fat suppression, 
and/or short inversion time inversion recovery).
Image Analysis
MR images were evaluated by two independent musculo-
skeletal radiologists blinded to clinical data (A.B.R. and 
L.F., with 11 and 5 years of experience in musculoskeletal 
radiology, respectively). The readers were not blinded to the 
type of MRI sequence (eg, T2 weighted or proton density 
weighted). Different structures of the knee were assessed as 
follows:
1. Lateral collateral ligament, medial collateral ligament, pos-
terior cruciate ligament, popliteus tendon, and biceps femoris 
tendon: normal, strain/partial tear (indicated by partial discon-
tinuation of fiber structure, accompanying soft tissue edema and 
bleeding), complete tear (complete fiber discontinuation, with 
or without waviness of the remaining ligament), or osseous avul-
sion (visible bone fragment attached to ligament or tendon, with 
or without displacement).
2. Popliteofibular ligament and fabellofibular ligament: vis-
ibility at any imaging plane (axial, coronal, sagittal) (yes or no), 
presence or absence of edema if visible.
3. Posterosuperior and anteroinferior popliteomeniscal fas-
cicles: visibility in the sagittal plane (yes or no).
4. Fat pad located between the popliteus tendon, the biceps 
femoris tendon, and the lateral head of the gastrocnemius, sur-
rounding the lateral inferior genicular artery: presence or absence 
of fluid signal intensity (further referred to as posterolateral fat 
pad edema), either edema or frank fluid collection, depicted at 
any imaging plane (axial, coronal, sagittal).
5. Bones: presence or absence of bone marrow edema in 
the medial and lateral femoral condyle and tibial plateau vis-
ible at any imaging plane (indicated by high signal intensity 
at fluid-sensitive sequences, ie, fat-suppressed proton-density- 
weighted, T2-weighted, or short inversion time inversion re-
covery sequences); manifestation of cortical compression frac-
tures of the lateral femoral condyle and tibial plateau, and 
presence of a Segond fracture, each indicated by cortical dis-
continuity and/or impression of 1 mm or greater, visible at at 
least one imaging plane.
6. Medial and lateral meniscus: presence or absence of menis-
cal tears (visible linear high signal intensity at fluid-sensitive se-
quences on at least two adjacent sections and/or at two different 
imaging planes).
Statistical Analysis
Statistical analysis was performed by using commercially 
available software (SPSS version 23; IBM, Somers, NY). 
The interobserver agreement was investigated by calculat-
ing Cohen k coefficient and interpreted according to Lan-
dis and Koch (k  0.20, slight; 0.21–0.40, fair; 0.41–0.60, 
moderate; 0.61–0.80, substantial; and 0.81, almost per-
fect) (17).
Parameters were compared between patients who un-
derwent isolated ACL reconstruction (referred to as the 
ACL-only group) and those with additional PLC recon-
struction (referred to as the ACL with PLC group). Sen-
sitivity, specificity, positive likelihood ratio, and negative 
likelihood ratio were calculated for each parameter. Clinical 
evidence of posterolateral instability requiring surgical PLC 
reconstruction served as reference standard. The diagnostic 
accuracy of MRI parameters was determined by calculat-
ing respective areas under the curve. For discrimination 
between the two study groups, an area under the curve of 
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0.80–0.89 was considered to indicate a good test; 
0.70–0.79, a fair test; and 0.51–0.69, a poor test 
(18). To test for differences between the groups, 
continuous variables were compared by using the 
two-sample Student t test and binomial variables 
were compared by using Fisher exact test (two-
sided). Power analysis (G*power software, version 
3.1.9.2; Heinrich Heine University, Dusseldorf, 
Germany) (19) with predefined power (power 
level, 0.80) and given sample size (19 + 143) re-
vealed a required P value of less than .001 to indi-
cate statistically significant differences.
On the basis of all evaluated parameters, deci-
sion tree analysis with the x2 calculation was used 
to determine the most significant MRI predictors of postero-
lateral instability. For this analysis, the x2 automatic interac-
tion detection algorithm was applied (20).
Results
Study Population
We identified 164 patients by using the database search. 
Two patients who were imaged at other institutions were 
excluded because of incomplete MRI protocol (missing se-
quence in the axial plane; n = 1) and insufficient image qual-
ity (substantial motion artifacts throughout all sequences; 
n = 1). Of the remaining patients, 54 of 162 (33.3%) had 
been imaged at our institution. The patients were divided 
into groups of those who had undergone isolated ACL re-
construction (ACL-only group, n = 143) and those with ad-
ditional PLC reconstruction (ACL with PLC group, n = 19) 
(Fig 1). Three patients (from the ACL with PLC group) had 
undergone additional open medial and/or posteromedial re-
construction. Detailed demographic data for the two groups 
is in Table 2.
Examples of PLC injuries on different imaging planes are in 
Figures 2–4. Normal anatomy is explained in detail in Figures 
E1–E3 (online).
Table 1: Detailed MRI Protocol
Parameter
1.5-T Imager 3.0-T Imager
Coronal STIR
Coronal  
T1 Weighted
Sagittal  
PD Dixon Axial PDfs Coronal STIR
Coronal  
T1 Weighted
Sagittal  
PD Dixon Axial PDfs
TR/TE (msec) 4000/39 613/14 3190/27 3840/31 4460/34 700/9.4 3780/39 4350/40
ETL 8 3 7 8 12 2 10 7
NSA 1 2 1 1 1 1 1 1
Section thickness (mm) 3 3 3 2.5 3 3 3 2.5
Spacing (mm) 3.6 3.6 3.6 3 3.3 3.3 3.6 2.75
Matrix 288 3 384 336 3 448 325 3 448 314 3 448 307 3 384 358 3 448 358 3 448 307 3 384
FOV (mm2) 170 3 170 170 3 170 163 3 180 160 3 160 159 3 159 160 3 160 159 3 159 150 3 150
TA (min:sec) 3:32 1:22 4:50 3:04 3:11 1:38 4:43 2:58
Note.—ETL = echo train length, FOV = field of view, PD = proton-density weighted, PDfs = PD with fat saturation, STIR = short inversion time 
inversion recovery, TR = repetition time, TE = echo time, NSA = number of signals acquired, TA = acquisition time.
Interobserver Agreement
The interobserver agreement was perfect for Segond fractures 
(k = 1.0), good for cortical compression fractures (femoral con-
dyle, k = 0.89; tibial plateau, k = 0.80), substantial for medial 
and lateral meniscal tear (k = 0.77 and 0.66, respectively), and 
substantial to almost perfect for bone marrow edema (medial 
femoral condyle, k = 0.69; medial tibial plateau, k = 0.73; 
lateral femoral condyle, k = 0.86; and lateral tibial plateau, 
k = 0.79). Moderate agreement was found for the lateral col-
lateral ligament (k = 0.53), medial collateral ligament (k = 
0.56), popliteus tendon (k = 0.56), biceps femoris tendon 
(k = 0.58), posterior cruciate ligament (k = 0.54), and pos-
terolateral fat pad edema (k = 0.52). The agreement was fair 
for the popliteofibular ligament (k = 0.26) and fabellofibular 
ligament (k = 0.40), and slight concerning the posterosupe-
rior and anteroinferior popliteomeniscal fascicles (k = 0.17 
and 0.14, respectively).
Frequency, Diagnostic Performance, and Statistical 
Significance of Different Findings
The frequency, diagnostic performance, and statistical signifi-
cance of different findings are listed in detail in Tables 3 and 4.
Various findings demonstrated a high specificity but low 
sensitivity for clinically observed posterolateral instability. 
Figure 1: Flowchart of patient inclusion and exclusion. ACL = anterior cruciate lig-
ament, ACL only = patient group who underwent isolated ACL reconstruction, ACL + 
PLC = patient group with additional PLC reconstruction, PLC = posterolateral corner.
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or fibular avulsion of the lateral collateral ligament was the only 
parameter with an area under the curve greater than 0.70 for 
both readers (reader 1 vs reader 2 area under the curve, 0.75 
vs 0.80, respectively), which indicated a fair test. No femo-
ral avulsions of the lateral collateral ligament occurred in our 
study population. Receiver operating characteristic curves for 
significant findings are shown in Figure 5.
The smaller structures of the PLC were not consis-
tently identified. The popliteofibular ligament was de-
picted in 86 of 162 patients (53.1%) by reader 1 and in 
102 of 162 patients (63.0%) by reader 2. It was more 
These findings included complete tear or avulsion of the lateral 
collateral ligament (specificity and sensitivity for readers 1 and 
2, respectively: 95.1% and 52.6%, and 97.9% and 57.9%), 
posterior cruciate ligament (specificity and sensitivity for read-
ers 1 and 2, respectively: 96.5% and 10.5%, and 96.5% and 
10.5%), popliteus tendon (specificity and sensitivity for read-
ers 1 and 2, respectively: 100% and 15.8%, and 98.6% and 
21.1%), and biceps femoris tendon (specificity and sensitivity 
for readers 1 and 2, respectively: 100% and 21.1%, and 100% 
and 26.3%). Strains or partial tears of most of these structures 
were neither highly specific nor highly sensitive. Complete tear 
Figure 2: Posterolateral corner injuries of the right knee at the coronal plane. (a) Coronal short inversion time inversion recovery image in a 
49-year-old female patient from the anterior cruciate ligament (ACL )–only group (ie, ACL rupture without clinical evidence of posterolateral insta-
bility) 1 day after trauma; there is high signal intensity in the popliteofibular ligament (PFL). The lateral inferior genicular artery (∗) is lateral to the 
PFL. The biceps femoris tendon (BT ) is intact. Bone marrow edema is depicted on the posterolateral tibial plateau (arrow). (b) Coronal short inver-
sion time inversion recovery image in a 38-year-old male patient from the patient group with additional posterolateral corner (PLC) reconstruction 
(referred to as the ACL with PLC group; ACL rupture with clinical evidence of posterolateral instability) 5 days after trauma with avulsion fracture 
of the fibular head (dashed circle) by the lateral collateral ligament (LCL) and BT. The popliteus tendon (PT ) is torn at its femoral attachment. There 
is marked soft tissue edema in the posterolateral corner. (c) Coronal short inversion time inversion recovery image in an 18-year-old male patient 
from the ACL with PLC group 4 days after trauma. The LCL and PT are torn close to their femoral attachment. The BT is torn at its distal musculoten-
dinous junction. No bone marrow edema is manifest in the lateral femoral condyle and lateral tibial plateau.
Table 2: Demographic Data of the Two Study Groups
Parameter Both Groups (n = 162) ACL with PLC (n = 19) ACL Only (n = 143) P Value
Mean age (y) 32.8 6 10.0 (18–58) 29.7 6 11.7 (18–58) 33.2 6 9.7 (19–57) .15
Sex .46
 No. of men 95 13 82
 No. of women 67 6 61
No. of examinations per side .05
 Left 85 14 71
 Right 77 5 72
Mean interval between trauma and MRI (d) 3.9 6 2.9 (0–10) 3.1 6 2.4 (0–9) 4.0 6 3.0 (0–10) .21
Mean interval between MRI and surgery (d) 39.1 6 44.1 (0–273) 46.1 6 74.6 (1–273) 38.2 6 38.6 (0–187) .46
No. of MRIs performed at the author’s institution* 54 (33.3) 5 (26.3) 49 (34.3) .61
Magnetic field strength (no. of examinations)* .21
 1.5 T 132 (71.5) 16 116
 3.0 T 30 (18.5) 3 27
Note.—Unless otherwise indicated, data are 6 standard deviation and data in parentheses are range. Patients who underwent isolated ACL 
reconstruction (referred to as the ACL-only group) and those with additional PLC reconstruction (referred to as the ACL with PLC group). 
ACL = anterior cruciate ligament, PLC = posterolateral corner.
* Data in parentheses are percentages.
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of 162 patients (59.3%) by reader 2. Both readers identified a 
fabellofibular ligament in 13 of 162 patients (8.0%).
No differences between the groups were found regarding 
the occurrence of posterolateral fat pad edema, and medial 
and lateral meniscal tears (P values: reader 1, .53, ..99 and 
.56, respectively; reader 2, .21, .21, and .77, respectively). 
often rated edematous in the ACL with PLC group; how-
ever, this finding was statistically significant only for reader 2. 
A posterosuperior popliteomeniscal fascicle was found in 115 
of 162 patients (71.0%) by reader 1 and in 104 of 162 patients 
(64.2%) by reader 2, whereas an anteroinferior fascicle was ob-
served in 109 of 162 patients (67.3%) by reader 1 and in 96 
Figure 3: Posterolateral corner injuries at the sagittal plane. (a) Sagittal fat-saturated proton density-weighted image in a 50-year-old female 
patient from the anterior cruciate ligament (ACL)–only group (ie, ACL rupture without clinical evidence of posterolateral instability) 1 day after 
trauma. No popliteomeniscal fascicles are visible (dashed circle shows the popliteal hiatus). The partially displayed popliteus tendon (PT ) shows 
a normal course. The lateral inferior genicular artery (∗) is accompanied by small veins (hyperintense round structures proximal) and surrounded 
by fluid. Bone marrow edema (arrows) is manifest in the anterior aspect of the lateral femoral condyle and in the posterolateral tibial plateau. (b) 
Sagittal short inversion time inversion recovery image in a 58-year-old male patient from the patient group with additional posterolateral corner 
(PLC) reconstruction (referred to as the ACL with PLC group; ACL rupture with clinical evidence of posterolateral instability) 2 days after trauma. 
There is minimal fluid in the soft tissues distal to the lateral inferior genicular artery (∗). The popliteomeniscal fascicles, popliteus tendon (PT), and 
popliteofibular ligament (PFL) are intact. Bone marrow edema is manifest in the posterior part of the lateral femoral condyle. (c) Sagittal proton 
density–weighted image in a 38-year-old male patient from the ACL with PLC group 5 days after trauma. Extensive soft tissue hematoma (arrows) 
is manifest between the avulsion fragment (dashed circle) and the fibular head.
Figure 4: Posterolateral corner injuries in the right knee at the axial plane. (a) Axial fat-saturated proton density-weighted image in an 18-year-
old female patient from the patient group with additional posterolateral corner (PLC) reconstruction (referred to as the anterior cruciate ligament 
[ACL] with PLC group; ACL rupture with clinical evidence of posterolateral instability) 7 days after trauma. There is posterolateral fat pad edema 
(hyperintense signal intensity, arrow) around the lateral inferior genicular artery (∗). The popliteus tendon (PT ) is intact. The biceps femoris tendon 
(BT ) and lateral collateral ligament (LCL) show a normal course. (b) Axial fat-saturated proton density-weighted image in a 25-year-old male pa-
tient from the ACL-only group (ie, ACL rupture without clinical evidence of posterolateral instability) 2 days after trauma. The lateral inferior genicu-
lar artery (∗) shows a boomerang-shaped course posterolateral to the PT. Again, posterolateral fat pad edema is manifest (arrow), which reflects 
the low specificity of this finding for posterolateral knee instability. The PT, LCL, and BT are intact. (c) Axial fat-saturated proton density-weighted 
image in a 38-year-old male patient from the ACL with PLC group 5 days after trauma. The LCL, the BT, and the PT are completely torn and dif-
fusely swollen. There is a displaced fragment of the fibular head (dashed circle). A large amount of fluid is depicted in the posterolateral fat pad 
(arrow) and in the subcutaneous tissue. The lateral inferior genicular artery remains visible as an anatomic landmark (∗).
Decision Tree Analysis of Posterolateral Corner Instability at MRI
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Bone marrow edema in the lateral tibial plateau was com-
mon in both groups but less frequent in the ACL with PLC 
group compared with the ACL-only group (reader 1, P , 
.05; reader 2, P , .01). However, bone marrow edema was 
more frequent in the medial femoral condyle in the ACL 
with PLC group (reader 1, P = .08; reader 2, P , .05). A 
Segond fracture was observed in two patients who were in 
the ACL with PLC group and in one patient who was in the 
ACL-only group.
Decision Tree Analysis
Decision tree analysis revealed that a complete tear or fibu-
lar avulsion of the lateral collateral ligament was the most 
statistically significant finding to help predict posterolateral 
instability (Fig 6). When this finding was absent, a second 
branch of the decision tree concerning biceps femoris tendon 
injury slightly optimized the dichotomization between both 
groups for reader 1 because a complete tear or fibular avulsion 
of the biceps femoris tendon (in the absence of complete tear 
or avulsion of the lateral collateral ligament) was found in 
only one patient who was in the ACL with PLC group. This 
second branch was not required for the data from reader 2. 
With these decision trees, patients were correctly assigned to 
their groups in 147 of 162 instances (90.7%) by reader 1 and 
in 151 of 162 instances (93.2%) by reader 2.
Discussion
PLC injury most commonly occurs with varus stress, espe-
cially in a hyperextended knee (3,8). Three structures are con-
sidered essential for posterolateral stability: the lateral collat-
eral ligament, popliteus tendon, and popliteofibular ligament 
(8,11,12). The lateral collateral ligament is the major stabi-
lizer against varus stress. The popliteus tendon and popliteo-
fibular ligament both stabilize against external rotation, and, 
if the lateral collateral ligament is torn, act as secondary sta-
bilizers against varus stress (8,21,22). In case of ACL rupture, 
the PLC structures also stabilize against anterior translation 
and internal rotation (5,8,23).
A good clinical examination makes the diagnosis of postero-
lateral instability possible in most patients (8). Although clinical 
examination remains the reference standard, it would be desir-
able to be able to predict posterolateral instability at MRI be-
cause it may be difficult to observe in the setting of acute trauma.
In an MRI study, Temponi et al (13) detected signs of PLC 
injury in 20% of patients with acute ACL tear, with frequent 
involvement of small structures such as the popliteomeniscal 
fascicles observed at MRI, but the authors did not correlate 
these findings with clinical instability. Ahn et al (24) reported 
frequent thickening of the popliteofibular ligament, the fabel-
lofibular ligament, and the popliteomeniscal fascicles in patients 
with PLC instability; however, they were only compared with 
healthy control participants. In addition, these small structures 
are not always observed at MRI (popliteofibular ligament visible 
in 8%–90% of patients; fabellofibular ligament visible in 33%–
48% of patients; popliteomeniscal fascicles visible in 60%–94% 
of patients) (1,3,7,10,22,25), which was confirmed by the re-
sults of our study. Their interindividual variability in size and 
Decision Tree Analysis of Posterolateral Corner Instability at MRI
8 radiology.rsna.org  n Radiology: Volume 00: Number 0— 2018
Ta
b
le
 4
: 
Fr
e
q
u
e
n
cy
, 
D
ia
g
n
o
st
ic
 P
e
rf
o
rm
a
n
ce
, 
a
n
d
 S
ta
ti
st
ic
a
l 
Si
g
n
if
ic
a
n
ce
 o
f 
D
if
fe
re
n
t 
Fi
n
d
in
g
s 
in
 B
o
th
 S
tu
d
y 
G
ro
u
p
s:
 R
e
a
d
e
r 
2
Pa
ra
m
et
er
AC
L 
w
ith
 P
LC
  
G
ro
up
 (n
 =
 1
9)
AC
L-
O
nl
y 
 
G
ro
up
 (n
 =
 1
43
)
Se
ns
iti
vi
ty
 (%
)
Sp
ec
ifi
ci
ty
 (%
)
Po
sit
iv
e 
Li
ke
lih
oo
d 
 
R
at
io
 (9
5%
 C
I)
N
eg
at
iv
e 
Li
ke
lih
oo
d 
 
R
at
io
 (9
5%
 C
I)
AU
C
 (9
5%
 C
I)
P 
Va
lu
e*
LC
L
 
St
ra
in
/p
ar
tia
l t
ea
r
4
80
21
.1
 (6
.1
, 4
5.
6)
44
.1
 (3
5.
8,
 5
2.
6)
0.
4 
(0
.2
, 0
.9
)
1.
8 
(1
.3
, 2
.4
)
0.
67
 (0
.5
5,
 0
.7
9)
,
.0
1
 
C
om
pl
et
e 
te
ar
 o
r a
vu
lsi
on
11
3
57
.9
 (3
3.
5,
 7
9.
8)
97
.9
 (9
4.
0,
 9
9.
6)
27
.6
 (8
.5
, 9
0.
1)
0.
4 
(0
.3
, 0
.7
)
0.
80
 (0
.6
5,
 0
.9
4)
,
.0
01
M
C
L
 
St
ra
in
/p
ar
tia
l t
ea
r
11
61
57
.9
 (3
3.
5,
 7
9.
8)
57
.3
 (4
8.
8,
 6
5.
6)
1.
4 
(0
.9
, 2
.1
)
0.
7 
(0
.4
, 1
.3
)
0.
58
 (0
.4
7,
 0
.7
7)
.2
3
 
C
om
pl
et
e 
te
ar
 o
r a
vu
lsi
on
3
18
15
.8
 (3
.4
, 3
9.
6)
87
.4
 (8
0.
8,
 9
2.
4)
1.
3 
(0
.4
, 3
.9
)
1.
0 
(0
.8
, 1
.2
)
0.
51
 (0
.3
7,
 0
.6
5)
.7
2
Po
ste
rio
r c
ru
ci
at
e 
lig
am
en
t
 
St
ra
in
/p
ar
tia
l t
ea
r
6
12
31
.6
 (1
2.
6,
 5
6.
6)
91
.6
 (8
5.
8,
 9
5.
6)
3.
8 
(1
.6
, 8
.9
)
0.
8 
(0
.6
, 1
.0
)
0.
62
 (0
.4
7,
 0
.7
7)
,
.0
1
 
C
om
pl
et
e 
te
ar
 o
r a
vu
lsi
on
2
5
10
.5
 (1
.3
, 3
3.
1)
96
.5
 (9
2.
0,
 9
8.
9)
3.
0 
(0
.6
, 1
4.
5)
0.
9 
(0
.8
, 1
.1
)
0.
54
 (0
.3
9,
 0
.6
9)
.1
9
PT  
St
ra
in
/p
ar
tia
l t
ea
r
10
57
52
.6
 (2
8.
9,
 7
5.
6)
60
.1
 (5
1.
6,
 6
7.
2)
1.
3 
(0
.8
, 2
.1
)
0.
8 
(0
.5
, 1
.3
)
0.
56
 (0
.4
3,
 0
.7
0)
.3
3
 
C
om
pl
et
e 
te
ar
 o
r a
vu
lsi
on
4
2
21
.1
 (6
.1
, 4
5.
6)
98
.6
 (9
5.
0,
 9
9.
8)
15
.1
 (3
.0
, 7
6.
7)
0.
8 
(0
.6
, 1
.0
)
0.
60
 (0
.4
5,
 0
.7
6)
,
.0
1
BT  
St
ra
in
/p
ar
tia
l t
ea
r
7
40
36
.8
 (1
6.
3,
 6
1.
6)
72
.0
 (6
3.
9,
 7
9.
2)
1.
3 
(0
.7
, 2
.5
)
0.
9 
(0
.6
, 1
.3
)
0.
54
 (0
.4
0,
 0
.6
9)
.4
3
 
C
om
pl
et
e 
te
ar
 o
r a
vu
lsi
on
5
0
26
.3
 (9
.2
, 5
1.
2)
10
0 
(9
7.
5,
 1
00
)
…
0.
7 
(0
.6
, 1
.0
)
0.
64
 (0
.4
8,
 0
.8
0)
,
.0
01
PF
L
 
N
on
vi
sib
ili
ty
7
53
36
.8
 (1
6.
3,
 6
1.
6)
62
.9
 (5
4.
4,
 7
0.
9)
1.
0 
(0
.5
, 1
.9
)
1.
0 
(0
.7
, 1
.5
)
0.
59
 (0
.3
8,
 0
.7
9)
.
.9
9
 
Ed
em
at
ou
s w
he
n 
vi
sib
le
11
19
91
.7
 (6
1.
5,
 9
9.
8)
78
.9
 (6
9.
0,
 8
6.
8)
4.
3 
(2
.8
, 6
.7
)
0.
1 
(0
.0
, 0
.7
)
0.
65
 (0
.4
9,
 0
.8
0)
,
.0
01
FF
L
 
N
on
vi
sib
ili
ty
18
13
1
94
.7
 (7
4.
0,
 9
9.
9)
8.
4 
(4
.4
, 1
4.
2)
1.
0 
(0
.9
, 1
.2
)
0.
6 
(0
.1
, 4
.6
)
0.
53
 (0
.3
4,
 0
.7
2)
.
.9
9
 
Ed
em
at
ou
s w
he
n 
vi
sib
le
0
1
0 
(0
, 9
7.
5)
92
.3
 (6
4.
0,
 9
9.
8)
.
0
1.
1 
(0
.9
, 1
.3
)
0.
57
 (0
.1
7,
 0
.9
6)
.
.9
9
po
ste
ro
su
pe
rio
r p
op
lit
eo
m
en
isc
al
 fa
sc
ic
le
 
N
on
vi
sib
ili
ty
8
50
42
.1
 (2
0.
3,
 6
6.
5)
65
.0
 (5
6.
6,
 7
2.
8)
1.
2 
(0
.7
, 2
.1
)
0.
9 
(0
.6
, 1
.3
)
0.
50
 (0
.3
0,
 0
.7
0)
.6
1
An
te
ro
in
fe
rio
r p
op
lit
eo
m
en
isc
al
 fa
sc
ic
le
 
N
on
vi
sib
ili
ty
10
56
52
.6
 (2
8.
9,
 7
5.
6)
60
.8
 (5
2.
3,
 6
8.
9)
1.
3 
(0
.8
, 2
.2
)
0.
8 
(0
.5
, 1
.3
)
0.
54
 (0
.3
4,
 0
.7
4)
.3
2
Po
ste
ro
la
te
ra
l f
at
 p
ad
 e
de
m
a
15
91
79
.0
 (5
4.
4,
 9
4.
0)
36
.4
 (2
8.
5,
 4
4.
8)
1.
2 
(1
.0
, 1
.6
)
0.
6 
(0
.2
, 1
.4
)
0.
57
 (0
.4
3,
 0
.7
0)
.2
1
M
ed
ia
l m
en
isc
us
 
Te
ar
4
53
21
.1
 (6
.1
, 4
5.
6)
62
.9
 (5
4.
5,
 7
0.
9)
0.
6 
(0
.2
, 1
.4
)
1.
3 
(1
.0
, 1
.6
)
0.
57
 (0
.4
4,
 0
.7
1)
.2
1
La
te
ra
l m
en
isc
us
 
Te
ar
5
31
26
.3
 (9
.2
, 5
1.
2)
78
.3
 (7
0.
7,
 8
4.
8)
1.
2 
(0
.5
, 2
.7
)
0.
9 
(0
.7
, 1
.3
)
0.
53
 (0
.3
9,
 0
.6
8)
.7
7
Bo
ne
 m
ar
ro
w
 e
de
m
a
 
M
ed
ia
l f
em
or
al
 c
on
dy
le
12
51
63
.2
 (3
8.
4,
 8
3.
7)
64
.3
 (5
5.
9,
 7
2.
2)
1.
8 
(1
.2
, 2
.7
)
0.
6 
(0
.3
, 1
.0
)
0.
66
 (0
.5
2,
 0
.7
9)
,
.0
5
 
M
ed
ia
l t
ib
ia
l p
la
te
au
12
70
63
.2
 (3
8.
4,
 8
3.
7)
51
.0
 (4
2.
6,
 5
9.
5)
1.
3 
(0
.9
, 1
.9
)
0.
7 
(0
.4
, 1
.3
)
0.
56
 (0
.4
2,
 0
.7
0)
.3
3
 
La
te
ra
l f
em
or
al
 c
on
dy
le
11
93
57
.9
 (3
3.
5,
 7
9.
8)
35
.0
 (2
7.
2,
 4
3.
4)
0.
9 
(0
.6
, 1
.3
)
1.
2 
(0
.7
, 2
.1
)
0.
54
 (0
.4
0,
 0
.6
9)
.6
1
 
La
te
ra
l t
ib
ia
l p
la
te
au
12
13
3
63
.2
 (3
8.
4,
 8
3.
7)
7.
0 
(3
.4
, 1
2.
5)
0.
7 
(0
.5
, 1
.0
)
5.
3 
(2
.3
, 1
2.
2)
0.
66
 (0
.5
1,
 0
.8
1)
,
.0
1
Ta
b
le
 4
 (
co
n
ti
n
u
e
s)
Filli et al
Radiology: Volume 00: Number 0—2018  n  radiology.rsna.org 9
Ta
b
le
 4
 (
co
n
ti
n
u
e
d
):
 F
re
q
u
e
n
cy
, 
D
ia
g
n
o
st
ic
 P
e
rf
o
rm
a
n
ce
, 
a
n
d
 S
ta
ti
st
ic
a
l 
Si
g
n
if
ic
a
n
ce
 o
f 
D
if
fe
re
n
t 
Fi
n
d
in
g
s 
in
 B
o
th
 S
tu
d
y 
G
ro
u
p
s:
 R
e
a
d
e
r 
2
Pa
ra
m
et
er
AC
L 
w
ith
 P
LC
  
G
ro
up
 (n
 =
 1
9)
AC
L-
O
nl
y 
 
G
ro
up
 (n
 =
 1
43
)
Se
ns
iti
vi
ty
 (%
)
Sp
ec
ifi
ci
ty
 (%
)
Po
sit
iv
e 
Li
ke
lih
oo
d 
 
R
at
io
 (9
5%
 C
I)
N
eg
at
iv
e 
Li
ke
lih
oo
d 
 
R
at
io
 (9
5%
 C
I)
AU
C
 (9
5%
 C
I)
P 
Va
lu
e*
C
or
tic
al
 c
om
pr
es
sio
n 
fra
ct
ur
e
 
La
te
ra
l f
em
or
al
 c
on
dy
le
6
18
31
.6
 (1
2.
6,
 5
6.
6)
87
.4
 (8
0.
8,
 9
2.
4)
2.
5 
(1
.1
, 5
.5
)
0.
8 
(0
.6
, 1
.1
)
0.
60
 (0
.4
5,
 0
.7
4)
.0
4
 
La
te
ra
l t
ib
ia
l p
la
te
au
6
39
31
.6
 (1
2.
6,
 5
6.
6)
72
.7
 (6
4.
7,
 7
9.
8)
1.
2 
(0
.6
, 2
.4
)
0.
9 
(0
.7
, 1
.3
)
0.
52
 (0
.3
8,
 0
.6
7)
.4
4
Se
go
nd
 fr
ac
tu
re
2
1
10
.5
 (1
.3
, 3
3.
1)
99
.3
 (9
6.
2,
 9
9.
9)
15
.1
 (1
.4
, 1
58
.2
)
0.
9 
(0
.8
, 1
.1
)
0.
55
 (0
.4
0,
 0
.7
0
,
.0
5
N
ot
e.
—
D
at
a 
in
 p
ar
en
th
es
es
 a
re
 9
5%
 c
on
fid
en
ce
 in
te
rv
al
s. 
P 
va
lu
es
 le
ss
 th
an
 .0
01
 in
di
ca
te
 st
at
ist
ic
al
ly
 si
gn
ifi
ca
nt
 d
iff
er
en
ce
s. 
AC
L 
= 
an
te
rio
r c
ru
ci
at
e 
lig
am
en
t, 
BT
 =
 b
ic
ep
s t
en
do
n,
 A
U
C
 =
 
ar
ea
 u
nd
er
 th
e 
cu
rv
e,
 C
I =
 c
on
fid
en
ce
 in
te
rv
al
, L
C
L 
= 
la
te
ra
l c
ol
la
te
ra
l l
ig
am
en
t, 
FF
L 
= 
fa
be
llo
fib
ul
ar
 li
ga
m
en
t, 
M
C
L 
= 
m
ed
ia
l c
ol
la
te
ra
l l
ig
am
en
t, 
PF
L 
= 
pa
te
llo
fib
ul
ar
 li
ga
m
en
t, 
PL
C
 =
 p
os
-
te
ro
la
te
ra
l c
or
ne
r, 
PT
 =
 p
op
lit
eu
s t
en
do
n.
* 
P 
va
lu
es
 fo
un
d 
by
 tw
o-
sid
ed
 F
ish
er
 e
xa
ct
 te
st.
visibility seems too high and the interobserver agreement for 
these structures too insufficient to use their thickness as a reliable 
sign of PLC injury. Even with our simple assessment on the basis 
of visibility (vs a three-point grading system used in other studies 
[26]), interobserver agreement was only fair. The ability to view 
small structures such as the popliteofibular ligament may be im-
proved with the acquisition of oblique coronal sections (27) or 
isotropic three-dimensional sequences (28). Because of imaging 
time restrictions, however, these sequences are not acquired at 
many institutions. Three-dimensional imaging may replace two-
dimensional imaging in the near future because of new accelera-
tion techniques (29).
The manifestation of posterolateral fat pad edema may be an 
imaging surrogate marker indicating injury of the popliteofibu-
lar ligament (3,22) but it was not a specific sign of posterolateral 
instability in our study. A helpful anatomic landmark to iden-
tify the smaller PLC structures is the lateral inferior genicular 
artery, which courses between the popliteofibular ligament and 
the fabellofibular ligament (30). The popliteofibular ligament is 
directly anteromedial to this artery, whereas the fabellofibular 
ligament lies directly posterolateral to it (Figs E1–E2 [online]).
The term arcuate ligament caused confusion in the past 
because of its inconsistent use, and its existence is controver-
sial: some authors have used it to describe the fabellofibular 
ligament, popliteofibular ligament, popliteal aponeurosis to 
the lateral meniscus, or capsular arm of the short head of the 
biceps femoris tendon, whereas others describe it as a thick-
ening of the posterolateral joint capsule rather than a distinct 
structure (5,9,31,32). Those authors who describe it as a sep-
arate structure state that it is difficult view at MRI, and that 
it is not constantly viewable (7,31). In accordance to recent 
Figure 5: Receiver operating characteristic curves of complete 
lateral collateral ligament (LCL) and biceps femoris tendon (BT ) tears 
as measured by reader 1 and reader 2 for discrimination between pa-
tients who underwent reconstruction of the anterior cruciate ligament 
alone or with posterolateral corner reconstruction.
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There were significant differences between both groups in 
terms of bone marrow edema patterns. In the ACL with PLC 
group, edema was more frequent in the medial femoral con-
dyle, consistent with previous reports (33,34). However, bone 
marrow edema was less frequent in the lateral tibial plateau, 
which may be explained by the typical trauma mechanism 
(varus force and hyperextension) leading to disruption rather 
than compression of the posterolateral structures. No statisti-
cally significant differences were found between the groups re-
garding the frequency of cortical compression fractures of the 
femoral condyle or tibial plateau.
Our study had limitations. First, this was a retrospective 
cohort study limited to patients who underwent ACL recon-
struction. However, during the explored time interval, only 
one patient with reconstruction of an isolated posterolateral 
injury was found in the database (without ACL tear; not in-
cluded in our study), which confirmed the rarity (34) of this 
injury pattern. Second, patients were included only when the 
time interval between trauma and MRI was 10 days or less to 
ensure that all findings were associated with acute trauma (eg, 
posterolateral fat pad edema or bone marrow edema). Third, 
the MRI protocol was not identical for all patients: two-thirds 
had undergone imaging at external institutions and were then 
referred to our institution for surgical treatment. However, 
only two patients had to be excluded because of incomplete 
reports, we omitted arcuate ligament and only described dis-
tinct anatomic structures (5).
In a study with 22 patients, Collins et al (26) reported that 
ability to view the smaller structures (popliteofibular ligament, 
fabellofibular ligament, and popliteomeniscal fascicles) was not 
necessary to predict PLC instability; it was sufficient to assess the 
lateral collateral ligament, biceps femoris tendon, and popliteus 
tendon, which are viewable at MRI (3). To our knowledge, how-
ever, our study is the first that compared MRI findings between 
patients with and without posterolateral instability to determine 
the sensitivity, specificity, and accuracy of MRI findings. Our 
study included a control group that consisted of patients with 
acute ACL tears (instead of healthy control participants), which 
better reflects the actuality in clinical routine. Our decision tree 
analysis confirmed the observation made by Collins et al because 
lateral collateral ligament and biceps femoris tendon injuries 
were the most significant predictive findings for posterolateral 
instability. The sensitivity of a complete tear or fibular avulsion 
of the lateral collateral ligament for posterolateral instability was 
only moderate (reader 1, 52.6%; reader 2, 57.9%). Regarding 
the popliteus tendon, isolated complete tears are rare and were 
found in only two patients in our study, both of whom did not 
show posterolateral instability at clinical examination. All other 
complete popliteus tendon tears were accompanied by complete 
lateral collateral ligament tears.
Figure 6: Decision tree analysis. Decision tree analysis revealed that a complete tear or avulsion of the lateral collateral ligament was the most 
significant predictor of posterolateral instability. On the basis of the data from reader 1, a second branch concerning biceps femoris tendon injury 
slightly optimized the dichotomization between both groups because a complete tear or osseous avulsion was found in only one patient in the an-
terior cruciate ligament (ACL) with posterolateral corner (PLC) group (ACL + PLC).
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MRI protocol or insufficient image quality. Fourth, interob-
server agreement was suboptimal for some imaging parameters. 
Nevertheless, only four of 162 (2.5%) patients were assigned 
to different subgroups between reader 1 and reader 2, which 
underlined the robustness of the applied decision tree analy-
sis. Finally, our cross-sectional study design did not include 
follow-up data regarding ACL graft failure. Clinical examina-
tion is not a perfect reference standard and may have missed 
PLC instability in some patients. Furthermore, it is possible 
that some MRI findings may be indicative of higher subse-
quent ACL graft failure rates despite clinical testing negative 
for posterolateral instability at the time of surgery. Prospective 
longitudinal studies with long-term follow-up of graft failure 
rates will be necessary to test this hypothesis.
In conclusion, complete tear or fibular avulsion of the lateral 
collateral ligament was the most significant MRI predictor of 
posterolateral instability, followed by biceps femoris tendon tear. 
The assessment of smaller PLC structures (popliteofibular liga-
ment, fabellofibular ligament, and popliteomeniscal fascicles) 
does not improve diagnostic performance of current MRI for 
the prediction of posterolateral instability.
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